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Abstract-Ray tracing technique can be used to 
determine the effect of Earth's magnetic field to (Global 
Positioning Systems (GPS) signals with and without the 
presence of ionospheric horizontal gradient. In this 
project, Jones 3D Ray Tracing program was employed 
t o  study the effect of the ionosphere on GPS rays (L, 
and L,). The group path or delay is obtained from the 
difference between the distances of the ray path to the 
Earth station from the GPS satellite determined from 
the ray-tracing and the distance for propagation over 
the line of sight (LOS). Then, the residual range error 
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w h ~ c h  IS t h m i f f e m e t w e e n  t h m a n d 3  
dual frequencies models corrected range and LOS, will 
be calculated. The gradient ionospheric profile was then 
used to compare the effect of the ionosphere with and 
without gradient on GPS ray tracing. Results show that 
there is difference in between the RRE calculation with 
and without the presence of the ionospheric gradient. 
The Earth's magnetic field effect to GPS signal is 
normally neglected since it has very minimal effect. 
However, in this research, results obtained show that 
the Earth's magnetic field has to be taken into account 
in order to determine more accurate GPS ray tracing. 
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Ionosphere is the main source of error in GPS 
positioning, especially over the lower geographical 
region such as Malaysia. The inhomogeneous 
formation of the ionosphere and the presence of 
magnetic field do affect the final GPS positioning [I, 
21. In order to determine the characteristics of the 
GPS signals (such as group path length and phase 
path length) due to the presence of the ionosphere 
and magnetic field, a Versatile Three-Dimension Ray 
Tracing Computer Program for Radio Waves in The 
Ionosphere, known as the Jones 3-D Ray Tracing 
program [3] will be used. 
Jones 3-D ray tracing program consists of 
various subroutines that make up the main deck and 
those which are Ii-equently exchanged with 
alternative versions of subroutines to perform 
specific tasks in calculating the GPS ray paths. 
Before execute the main program (Raytr) all the 
subroutines are added in the workspace. The whole 
program is ready to execute after all the subroutines 
are compiled and built. However, the inputs; such as 
the transmitter location (longitude, latitude and height 
above ground range), the GPS carrier frequency, the 
direction of the transmission (both elevation and 
azimuth), the receiver height and other relevant input 
values have to be given first through the input file 
(ray. dat) [4]. 
In order to determine ionospheric corrections for 
GPS positioning, the ionosphere needs to be 
modelled mathematically before being executed 
using Jones 3D Ray Tracing program. Since our main 
concern is the presence of ionospheric horizontal 
gradient, the model developed will be focussed more 
on this parameter. 
The ionospheric horizontal gradient is the 
variation of electron density with latitude and 
longitude which can cause the azimuthal deviation of 
the GPS ray path [5]. Over the equatorial region, the 
inhomogeneous formation of the ionosphere 
introduces greater ionospheric horizontal gradient 
which could give greater positioning error for a user 
station in a GPS system. Ionospheric horizontal 
gradient can either increase or decrease the 
propagation time of the GPS signal depending on the 
path or trajectory of the signal with respect to the 
gradient direction [6]. 
For the magnetic field effect, Zhang et al. [7] 
found out that when electro-magnetic wave 
propagates in the magnetic and electric field, its ray 
path is affected by the two fields. When geomagnetic 
field is disturbed by solar activities, the ionosphere is 
disturbed and radio ray path will be disturbed as well. 
The effect of Earth's magnetic field leads to 
significant non-planar ray path. 
Figure 1 shows the plot of the ray paths in 
inhomogeneous ionosphere with and without 
magnetic field. It can be seen that the ray paths and 
ground ranges for with and without magnetic field 
are quite different. However, in the research, the 




